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Influence of Certain Nitrogen Fertilizers
On Quality and Growth of Lawngrasses
in Louisiana
E. P. Barrios, L. G. Jones and L. P. Leger
1
Many grass species are used as lawngrasses in
Louisiana due to varia-
tions in climate, soil, native stands, and
individual preferences. Numerous
trees limit shade-intolerant bermudagrasses
to sunny areas, and high
maintenance requirements further restrict their
usage on lawns. Zoysia-
erasses are also generally planted only where
equipment and personnel are
available to manage them properly. Presently, St.
Augustine, centipede,
and Floratam are the principal lawngrasses
in Louisiana, with smaller
amounts of carpetgrass located in areas where soil
elevations are lower and
more moisture is present.
Estimates indicate that about 80 percent of Louisiana
lawns are planted
with St Augustine, followed by centipede and
Floratam turfgrasses The
widespread prevalence of St. Augustine decline
(SAD) virus in southern
Louisiana has resulted in most lawns being
established since 1975 with
centipede or Floratam. No newly released St. Augustine
varieties tested
here have shown levels of resistance to the SAD virus that are
sufficient to
justify that they replace those presently used.
However, this species could
continue to represent the largest lawngrass
acreage in Louisiana for some
time, depending on the virulence and spread of
the disease and the vanetal
resistance that may be developed by turfgrass breeders
Turfgrasses require more nitrogen (N) than any of the
other essential
elements supplied by soils and fertilizers, normally
containing from 2 to b
percent N in dried foliar samples (10, 15, 25
2
). Nitrogen has a great
influence on the growth rate of turfgrass, which
usually increases with the
application of larger amounts of this element to certain
levels (5, 24). Ihc
color and density of turf are generally improved
by the addition of the
proper amount of N (12, 21). However, excessive N fertilization
of
turfgrasses promotes thatching and susceptibility to
some diseases (9, 11).
Nitrogen deficiency may cause reduced cold hardiness of
lawngrasses, but
excesses of this element are especially responsible
for winter damage to
turf (4, 17).
1 Profes~sors and Research Associate, respectively,
Department of Horticulture, LSU,
Baton Rouge, La. 70803.
2Italic numbers in parentheses refer to Literature Cited,
page 20.
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Nitrogen fertilizer sources for lawngrass use are numerous, ranging from
very soluble forms, such as ammonium nitrate and urea, to slow-release
types, including principally ureaformaldehyde (UF), isobutylidene diurea
(IBDU), and sulfur-coated urea (SCU). Most dry fertilizers for lawns
presently contain UF as a source of N, but many lawn-care companies use
UF and/or urea in a liquid form that is sprayed on the grass. Some N sources
are combined in a mixed fertilizer, usually also containing phosphorus (P)
and potassium (K), such as 8-8-8 or 12-12-12. All three of these elements
are necessary in certain critical amounts for production of a high-quality
lawn (8). However, in areas of high rainfall and temperature, such as
Louisiana, maintenance of an adequate supply ofN is difficult since these
environmental factors cause the rapid loss of this element from the soil
following application.
Studies were conducted at the Burden Research Center in Baton Rouge
during 1978 and 1979 to determine the influence of several N sources,
rates, and application frequencies on the quality and growth of the three
lawngrasses most grown in Louisiana. The soil type at this location (Mis-
sissippi River Terrace) represents from 10 to 15 percent of that on which
lawns are planted in Louisiana. The results presented here, therefore,
would be valid only for this soil or closely similar soils , and might not apply
to grass species and N sources other than those used in this research.
Materials and Methods
The experimental design was a randomized block with three replications
of 18 N treatments and three lawngrasses (centipede, Floratam, and St.
Augustine). Nitrogen sources used were UF, IBDU, and liquid urea (LU),
applied at three rates and two frequencies in 1978 and 1979 from April to
October (Table 1).
Plots of 3 feet by 6 feet each were planted by solid sodding in the spring
of 1977 so that all grasses were at a comparable stage of maturity in April of
1978 when the initial N treatments were applied. A preplant starter fer-
tilizer, consisting of 1 pound ofN (ammonium nitrate) and 5 pounds each
of P 20 5 (treble superphosphate) and K 20 (potassium chloride) per 1,000
square feet, was incorporated into the soil to a depth of 4 inches prior to
sodding. During the summer of 1977, the turf was maintained by applying
1 pound of N (ammonium nitrate) and 5 pounds each of P 20 5 and K 20 per
1,000 square feet in July. The soil at this location was a silt loam of the
Calhoun series
, with a pH varying from 5 . 7 to 6.4 among plots . In February
of 1979 the pH range was unchanged, with extractable P 3 and K 4 ranging
Extracted with 0. 1 N HC1 + 0.03 N NH 4F at a ratio of 1 part medium to 20 parts
extractant.
"Extracted with 1.0 N NH 4OAc buffered at pH 7.0 at a ratio of 1 part medium to 10 parts
extractant.
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'Source and application frequency (UF
= ureaformaldehyde; IBDU = isobutylidene diurea; LU - liquid
urea).
2
Lbs. per 1,000 ft
2 per application.
3
Lbs. per 1 ,000 ft
2
,
April to October (applied April 3, May 3, June 2, July 3, August 3, and
September 7).
among plots from 72 to 225 ppm and 54 to 168 ppm, respectively. Calcium
(Ca) and magnesium (Mg) levels varied among plots from 990
to 1,750
ppm and 209 to 281 ppm, respectively, with copper (Cu) and zinc
(Zn)
varying from 1 to 6 ppm, iron (Fe) from 49 to 188 ppm, and organic
matter
from 1.2 to 3.2 percent (6).
Soil levels of extractable nutrients other than N were monitored periodi-
cally during 1978 and 1979, with P and K applied (from treble superphos-
phate and potassium chloride) when soil analyses indicated they
were
necessary. During the 1978 growing season, P varied among plots from
24
to 306 ppm, K from 17 to 206 ppm, Ca from 670 to 1 ,600 ppm, Mg from
114 to 319 ppm, and pH from 5.4 to 6.9. On the last sampling date
(August) , Cu ranged from 1 to 3 ppm, Fe from 20 to 68 ppm, Zn from 1 to 2
ppm, and organic matter from 0.7 to 2.4 percent.
The soil analyses from June to October of 1979 showed the following
extractable nutrient levels: P varied among plots from 17 to 265 ppm and K
from 14 to 168 ppm, both being highest at the end of the season. Ca and Mg
were still variable, ranging from 646 to 2,057 ppm and 113 to 351 ppm,
respectively, while the pH was from 5.5 to 7.0, but generally lower than in




The final soil sample was obtained in April of 1980, showing that
extractable nutrient level ranges among plots were: P, from 10 to 230 ppm;
K, from 26 to 150 ppm; Ca, from 678 to 1 ,642 ppm, and Mg, from 1 17 to
290 ppm. Soil pH varied from 5.4 to 7.0, and organic matter content was
from 1.1 to 2.8 percent, increasing somewhat over that of 1979.
Extractable P, K, Ca, Mg, and pH and organic matter levels were
somewhat variable in the area used for this research. It was recognized that
this was an undesirable situation; however, since it was the only available
space with this soil type and there was a pressing need for home lawn
turfgrass fertility data, the plots were located at that site.
The turfgrasses were mowed weekly at a height of 2.5 inches, with a
26-inch wide reel-type mower equipped with a basket to remove clippings.
The same mower was used to obtain yield samples. Plots were dethatched
once each year during the same week of July. Standard insect and disease
control measures were practiced (no SAD virus was indicated in the St.
Augustine plots during 1978 or 1979). Although rainfall fluctuated consid-
erably, at least 1 inch of moisture per week was maintained by supplemen-
tal irrigation when necessary.
Experimental data were obtained monthly (April to October) of each
year. Yields of clippings were collected from grass that was not wet with
dew or rain, unmowed for the previous 7 days. The same clippings were
also used for foliar analyses for N, P, K, Mg, Cu, Fe, and Zn content (22).
Foliar samples were dried at 95°F (35°C) for 48 hours and ground in a
stainless steel Wiley mill prior to analysis. Turf quality was evaluated
visually by a panel of five faculty members within 48 hours after yield data
were obtained. The panel was composed of the same members throughout
the experiment, with ratings based on a visual scale of 1 (poorest) to 9 (best)
in appearance and density in 1978 and 1979. The 1980 evaluation was
changed (0 = dead, 8 = best) because of cold damage to the turfgrasses,
especially at higher N rates, during the winters of 1978-1979 and 1979-
1980 (Tables 2 and 3). A rating of less than 4.5 was not considered as
acceptable quality lawngrass during any of the 3 years. Six sets of yield
records and quality evaluations were made in each of the 1978 and 1979
growing seasons.
Results and Discussion
Grass quality and yield apparently were not associated with one another
(Tables 2, 3, and 4). On the average, treatment (N source, rate or fre-
quency) had no significant influence on quality (means of three grasses and
2 years) . These data are dissimilar to those obtained here in N research with
Tifgreen bermudagrass on golf greens, using generally higher rates but
with two of the same sources of the element ( / ) . Shoot density has been
































































































































































































































































































































































































































































































































































































































































































































Table 4.—Effect of treatment and year on yield of three
harvest dates in 1978 and 1979)
1











































































































































































1 Seven days growth, 2V2-inch height of cut.
clipping yields (20). Evaluation panel members in the lawngrass
study
considered color as the most important criterion of quality in a
lawngrass,
with density of somewhat lesser importance. This type of
turfgrass is
grown primarily for overall esthetic value, rather than the
appearance and
texture necessary for golf green grasses. The visual rating, however,
is still
considered the best method of any turf quality evaluation if
performed by
competent individuals independently of one another (3).
Centipede was of significantly higher quality (P< .05) in 1978 and 1979
than the other lawngrasses, irrespective of treatment or
year in which the N
was applied. There was no significant quality difference
between St.
Augustine and Floratam during the same period of time (Table 2) .
Yields of
centipede also appeared higher than those of the other
two grasses, but
there were no significant differences in yield among them (Tables 2
and 4).
The soil pH, which ranged from 5.4 to 7.0 during this research, may have
had an influence on quality of the three grasses. Centipede
reportedly
attains optimum quality at a pH of 5.0 to 5.7 (79). At high pH levels, this
grass was lighter green in color than when grown in more acid soil, which
is
indicative of an iron deficiency. Iron chelate, sprayed on the
turf to
temporarily alleviate the chlorosis, was recommended ( 1 9). No data were
found in the literature reviewed concerning optimum pH levels for St.
Augustine and Floratam turfgrasses, but they are grown on soils in Louisi-
ana that may vary in pH from less than 4.9 to more than 6.9, depending on
the location (7).
9
The quality of all lawngrasses was highest in 1978, with centipede
showing the least and St. Augustine the largest decrease in 1979, while
Floratam was intermediate in this respect (Table 3). All St. Augustine plots
in 1979 were below the acceptable quality level of 4.5 on the visual
evaluation scale, with only two Floratam plots given similar ratings.
Centipede plots were rated from 5.9 to 6.7 in 1979. The highest quality
(1978 and 1979 means of all grasses) was observed on the August 23
evaluation date. Quality was lowest on April 25, remaining relatively
constant in August but generally decreasing in September (Table 5).
Lawngrass yields (means of three grasses and 2 years) showed no
significant differences (Table 4). Although centipede had the highest total
fresh weight (means of both years), there were no significant yield differ-
ences among grasses. Generally higher yields occurred in 1979 than in
1978 in all three lawngrasses, but St. Augustine showed the smallest
difference between years. These data show there was no positive relation-
ship between quality and yield in this study, since quality was highest in
1978
,
when yields were lowest. The smallest yield in both years was on the
April 25 harvest date and the highest on July 16, decreasing in August and
September (Table 5). Mean quality of the three grasses was not highest on
the same date that yields were largest, again showing the low degree of
association between these two plant responses to N treatment and the
environmental influences of yearly and monthly climate.
St. Augustine and Floratam lawngrasses were slower to reach high
quality levels than centipede, generally not attaining until July the same
approximate quality that centipede had reached in May. These data indicate
centipede is more tolerant of cooler temperature for growth than the other
two grasses, although it is more susceptible to foliar browning when the air
temperature is near the freezing point (Tables 6, 7, and 8). Floratam
apparently had the highest total yield among the grasses in July (Table 7),
but not significantly higher. Yields and quality of the lawngrasses were not
related in this study.
Little research concerning lawngrass foliar nutrient concentration has
been reported. Limitations presently exist in developing proper sampling
techniques and interpreting the results, although the actual analysis may be
very accurate for all 16 essential turfgrass elements (2). Seasonal fluctua-
tions are considered to be a source of error, along with maturity of the tissue
sampled. Considerably more data are necessary on levels of essential
nutrients in the tissues of various turfgrass species grown under different
fertility levels and environmental conditions for tissue analyses to become
more useful in the diagnosis of turfgrass nutrient status (2, 14, 16).
Lawngrass foliar analyses reported here represent data obtained with the

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Foliar nutrient levels in this research were generally lower than those
reported ( 14, 16) with other grass species grown under lower temperature
and rainfall conditions and differing soil and nutritional levels. Earlier data
obtained in N fertility trials with Tifgreen bermudagrass grown in a mostly
sand golf green medium with higher levels of N, also showed higher tissue
concentrations of some of the same elements reported here ( / )
.
Treatment had no apparent influence on any of the foliar nutrient levels
studied in this research (Table 9). Nitrogen levels in foliage of the three
grasses were especially low compared with those reported for other
species, ranging from 2.1 to 2.6 percent instead of 4 to 5 percent. This
difference may have been partially due to the amounts of N generally
applied being lower, but some treatments contained as much or more of the
element than those used in earlier research with Tifgreen bermudagrass and
with two of the same sources of N. In addition, more loss of N from
leaching would be expected in a golf green medium consisting of 70
percent sand than in the medium-textured soil where the lawngrass study
was conducted ( / ). Therefore, the three species of lawngrasses do not seem
to be as efficient in the utilization of N as some other species, based on
foliar analyses. Quality ratings for Tifgreen, at the same rates of N, were
much higher in previous research by the authors than those for the
lawngrasses in this study, and the foliar N percentage was correlated
(r=0.58**) with grass quality (/).
Table 9.—Effect of treatment on foliar nutrient concentration of lawngrasses (means of
all grasses and three ana lyses in 1978) 1 2
Treatment N P K Mg Cu Fe
no. (%) (%) (%) (%) (ppm) (ppm)
1 2.2 0.52 1.9 0.24 19 27
2 2.3 0.51 1.9 0.23 17 25
3 2.4 0.48 1.9 0.23 18 26
4 2.1 0.51 1.8 0.24 17 26
5 2.3 0.50 1.9 0.24 18 28
6 2.3 0.47 1.9 0.21 19 24
7 2.2 0.50 1.8 0.23 18 26
8 2.5 0.51 2.0 0.25 18 28
9 2.6 0.44 1.9 0.23 18 28
10 2.3 0.50 1.9 0.25 18 28
11 2.5 0.48 1.9 0.23 17 25
12 2.4 0.45 1.9 0.23 17 28
13 2.4 0.50 1.9 0.23 17 26
14 2.6 0.47 1.9 0.22 18 25
15 2.7 0.43 2.0 0.23 18 25
16 2.4 0.49 1.9 0.22 19 25
17 2.5 0.47 1.9 0.23 19 26
18 2.5 0.44 1.9 0.21 17 25
foliar anal/sis samples collected on April 25, June 19, and September 27 harvest dates.
2Dry weight basis.
15
Foliar P concentrations in lawngrass clippings were approximately the
same as those in Tifgreen bermudagrass, while the percentage of K was
somewhat higher (Table 9) . The amounts of foliar K in the bermudagrass
ranged from 1.5 to 1.9 percent, but generally averaged approximately 1.6
as compared with 1.9 percent in the three lawngrasses. The foliar K
concentration was related to turfgrass quality (r=0.16*) in previous re-
search, while the amount of P present in clippings was not associated with
panel ratings (/). Foliar N alone in this study had no relationship with
quality.
The foliar concentrations of Cu were approximately equal to those
reported in the literature ( 14), except where Milorganite (activated sewage
sludge) was applied. Milorganite contained significant amounts of Cu,
which was correlated (r=0.56**) with bermudagrass turf quality (/).
Amounts of foliar Mg were higher in the three lawngrasses in this study
than those previously reported (7), but again leaf Mg was not associated
with quality. Magnesium levels in grass clippings from plots fertilized with
Milorganite, which contains some Mg, were approximately the same as
those in clippings from plots treated with fertilizers that did not have any
Mg(7).
The foliar Fe content of the grasses (Table 10) was considerably lower
than that of Tifgreen bermudagrass (200 to 400 ppm), even where the same
two N sources were utilized in earlier research (/). The topsoil in the
research reported here contained higher amounts of Fe—49 to 188 ppm
compared with 49 to 66 ppm in the bermudagrass medium. This may
indicate the bermudagrass species was more efficient in utilization of Fe
than the three lawngrass species, or that its Fe requirement was higher.
Overall turfgrass quality was not influenced by foliar Fe concentration in
either this or the earlier research , perhaps showing that critical levels of this
element in the grass foliage had been attained or surpassed.
The amount of foliar P was significantly lower (P< .05) in centipede than
in the other grasses (Table 10). Among varieties, foliar P was not directly
associated with quality, since centipede was given higher panel evaluation
Table 10.—Foliar concentrations of P, Cu, and Fe in three lawngrasses (means of three
analyses in 1978)
1
St. Augustine Floratam Centipede
P2 Cu2 Fe3 P2 Cu2 Fe3 P2 Cu2 Fe3
(%) (%) (ppm) (%) (%) (ppm) (%) (%) (ppm)
0.53a 18 b 24 0.56a 22a 26 0.36b 13c 25
1 Dry weight basis, samples collected on April 25, July 16, and September 27 harvest dates.
2Mean separation, Duncan's Multiple Range Test; within nutrient means with at least one letter in common
are not different at the 5% level.
3No significant difference.
ratings (P<.05). Centipede reportedly requires only small
amounts of this
element, and medium to high amounts of soil P made Fe unavailable to this
turfgrass in a previous study ( 19). However, in this study the foliar
levels
of these two elements did not influence the quality of centipede,
but may
have had some indirect influence on the Floratam and St. Augustine
turfgrasses.
Perhaps the most significant data obtained in this research was
that
which pointed out the influence of N rates, application dates, and low
temperatures on quality of the lawngrasses (means of all N treatments,
Tables 2 and 3). The evaluation on June 19, 1980 (Table 2) showed
that
cold damage during the winters of 1978-79 and 1979-80 resulted in
the
death of about 85 percent of all the turfgrasses, with little or no
reestab-
lishment occurring, based on evaluations in July, August, and
September
of 1980. The quality decrease began in the winter of 1978-79, with all three
grasses being rated lower in 1979 than in 1978. St. Augustine
showed the
greatest decline from 1978 to 1979 (41 percent), followed by Floratam (13
percent). Centipede showed the least decline (2 percent), with some plots
even improving in quality during that time. All St. Augustine plots,
and
one of Floratam, were rated below the acceptable quality level of 4.5
in
1979, but no centipede treatment was below 5.9 that year (Table 3).
In
1978, St. Augustine and Floratam were of the same quality (5.6) in mean
ratings, including all N treatments, while centipede was ranked at a level of
6.4. During 1979, St. Augustine was evaluated at 3. 3, Floratam at4.9,and
centipede at 6.3. However, centipede and Floratam showed the greatest
decline in quality in 1980, each decreasing approximately 70 percent,
compared with a decline of about 50 percent for St. Augustine by June 19 of
that year.
Some research has shown that N rates from 6 to 12 pounds per 1,000
square feet (April to October) resulted in greater winter injury to
St.
Augustine and Floratam turfgrasses than rates from 0 to 3 pounds (18).
Others have reported that the least amount of cold damage to St. Augustine
occurred when N was not applied after September, with the greatest
damage being done when N was applied in November and December (27).
A study with centipedegrass showed that N rates of 1 to 2 pounds per 1 ,000
square feet per year promoted greater susceptibility to winter injury.
Nitrogen rates of lA to Vz pound per 1 ,000 square feet were considered
adequate for color and growth without promoting excess thatch and higher
susceptibility to cold damage (23). Centipede decline is believed to be due
to over fertilization with N and accumulation of thatch, causing large
chlorotic (yellow) patches in late summer or early fall and subsequent death
of the grass in these areas. Centipede decline usually required several years
to affect this grass, but the application of 1 or 2 pounds of N per 1,000
square feet per year and small amounts of Fe, with low to medium P levels,
prevented or controlled the problem in other areas (13).
17
The N rates in this study were generally higher than those that most
Louisiana lawngrasses receive. Many lawns in Louisiana are never fer-
tilized with nitrogen. However, this study was designed to determine the
influence of N rates and application dates that a large number of home-
owners and others use on their turfgrasses (3 pounds per 1 ,000 square feet
per year). Those who contract with lawn-care companies for such services
generally have from 3 to 6 or more pounds of N applied on a regular basis
during the year. Some lawn-care companies also suggest that lawns be
fertilized with N (and/or P and K) during December, January, and Feb-
ruary, often in combination with pesticides. Cold injury to the turfgrasses
was anticipated in this study, with the objective of determining the rates
and timing of N that might provide data for future research with other
(lower) rates, application dates, and sources of the element.
The results showed that N rates of 3 or more pounds per 1 ,000 square feet
per year were too high for the turfgrasses used and the conditions that
existed during this study. Applications ofN at annual rates of 3 to 9 pounds
should not be made after September 1 because new growth resulting from
fertilization may not reach proper maturity before temperatures fall low
enough to cause cold damage. Temperatures at the Burden Research Center
in Baton Rouge during 1978 reached minimums of44°F on October 9, 38°F
on November 9, and 26°F on December 7. The mean minimum tempera-
ture during December was 41°F, with the lowest reading of 25°F occurring
on December 12.
The average minimum temperature during the last week of December,
1978, was about 50°F, with the maximum about 65°F. The lowest
minimum temperatures during this research, however, were on January 2
and 3 of 1979, 16° and 15°F, with maximums of only 27° and 38°F,
respectively—a drastic decrease in minimum temperatures within 10 days.
The mean minimum temperature during the first week of January, 1979,
was below freezing (31°F). These temperatures were probably the factor
contributing most to the lower quality ratings given to all lawngrasses in the
1979 growing season, and influenced St. Augustine more than Floratam or
centipede. Rainfall and temperatures during April to October in 1978 and
1979 showed no significant differences, which might otherwise have
influenced this plant response. The lowest minimum temperatures during
the winter of 1979 and 1980 were 24°F on February 1 and 22°F on March 2
and 3 of 1980. The 25-year weather records for Baton Rouge show that the
mean date when a 24°F or lower temperature occurs is January 2 1 , with a 75
percent chance that these minimums may occur as early as January 1 1 , and
only a 10 percent chance of occurrence by January 8. The mean minimum
temperature in January of 1979 was 33°F, while it was 44°F in January of
1980. The 25-year mean minimum January temperature in Baton Rouge is
40.4°F, so the average of 33°F in January of 1979 was 7.4 degrees lower,
with minimums of 17°Fand 18°Fon January 9 and 15, 1979, respectively.
18
Research has been conducted in Mississippi on the effects of low
temperatures on centipedegrass at several levels of N, P, and K (26). The
results indicated that soil fertility levels did influence the cold tolerance
of
this lawngrass. A minimum of approximately 4 pounds of N per 1,000
square feet was needed to obtain acceptable quality, but higher rates
resulted in decreased cold tolerance. Phosphorus fertilization had little
effect on the hardiness of this turfgrass, but K fertilization increased
hardiness. It was concluded that for home lawns under these conditions,
centipede should be fertilized with approximately 4 pounds of N, 2 pounds
of P 20 5 , and 4 pounds of K 20 per 1,000 square feet annually.
Rates of K used in the research described here were considerably lower
than those reported above, averaging only about 2 pounds or less of K 20
per 1 ,000 square feet per year. Potassium is difficult to maintain in constant
supply in the soil for turfgrass growth as it is heavily leached by rainfall in
some soils in Louisiana, becoming unavailable to the plant. Cold damage
to St. Augustine, Floratam, and centipede from N applications and low
temperatures might have been lower if the K rates and/or frequencies of
application had been higher. Future research will be conducted using lower
rates of N and larger amounts of P and K to determine their possible
influences on the quality, growth, and cold hardiness of these lawngrasses
in Louisiana.
Summary
Nitrogen source, rate, or frequency of application generally had no
significant influence on the quality or yield of centipede, St. Augustine, or
Floratam lawngrasses in 1978 and 1979. Centipede, however, was of
significantly higher quality during that period than either of the other two
grasses, and also appeared to outyield them.
Treatment (N source, rate, or frequency) did not significantly affect
concentrations of the foliar nutrients studied in this research. Levels of
elements in grass clippings were generally lower than those reported with
other species grown in different environments and soils and under different
nutritional conditions.
Winter damage, irrespective of treatment, resulted in the death of 85
percent of all lawngrasses by June of 1980. The greatest injury occurred
during the winter of 1978-79, being less severe in the winter of 1979-80
when temperatures were more moderate.
Nitrogen rates of 3 pounds or more per 1 ,000 square feet per year should
not be used on these turfgrasses, grown under the described conditions, nor
should any N be applied after September 1. Lower N rates, along with P
and higher amounts or frequencies of K, appear necessary to reduce or
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